Abstract. Roles of Fos in apoptosis of epithelia in the mouse male accessory sex organs and uterus were investigated using Fos-deficient mice. Normal 30-and 50-day-old and Fos-deficient 50-day-old male and female mice were castrated, and testosterone propionate and estradiol-17b were daily injected into male and female mice, respectively, for 5 days. An apoptotic index (a percentage of apoptotic cells) in the epithelium was examined from the day following the last injection (day 1) to day 8. The body weights and the weights of the ventral prostate (VP), coagulating gland (C), seminal vesicle (SV) and epididymis (Ep) and uterus of 50-day-castrated Fos-deficient mice on day 1 suggested that the development of these mice corresponded to that of 30-day-castrated normal mice at the most. The extents of apoptosis estimated by an apoptotic index in the VP, C, SV, Ep and uterus in 50-day-castrated Fos-deficient mice were comparable to those in 30-day-castrated normal mice. The extents of apoptosis in the SV, Ep and uterus in 30-day-castrated normal and 50-daycastrated Fos-deficient mice were similar to those in 50-day-castrated normal mice, while the extents of apoptosis in the VP and C in the former two groups of mice were less than those in the latter mice. The present results show that Fosdeficiency does not affect apoptosis in the SV, EP and uterus. However, the extents of apoptosis in the VP and C were less in 50-day-castrated Fos-deficient mice than in 50-day-castrated normal mice. This seems to be due to the retarded development of 50-day-castrated Fos-deficient mice, but not to a role of Fos in apoptosis.
ANDROGENS and estrogens affect the male accessory sex organs and the uterus, respectively, to stimulate their epithelial proliferation and secretory cytodifferentiation and to maintain these epithelial cells in adulthood. Depletion of these steroid hormones induces apoptosis of epithelial cells in these organs [1] [2] [3] [4] [5] [6] [7] [8] [9] . Although this phenomenon is well recognized, the mechanism of the signal transduction in initiation of apoptosis has not been fully elucidated [4, 6, [8] [9] [10] .
Feng et al. [11] showed that the nuclear phosphoprotein, Fos, which constitutes transcription factor AP-1 with the jun family proteins [12] was required for apoptosis in the mouse ventral prostate. They reported that castration of male c-fos knockout adult mice did not induce apoptosis in the ventral prostate, whereas that of normal male adult mice did, suggesting an important role of Fos in initiation of apoptosis in the ventral prostate. However, roles of Fos in the other male accessory sex organs and the uterus have not been examined. In this study we compared apoptosis in epithelia of the ventral prostate, seminal vesicle, coagulating gland, epididymis and uterus between adult c-fos knockout mice and normal mice. To avoid the effect of Fos on production of steroid hormones by gonads, we examined apoptosis after the cessation of administration of androgen or estrogen to castrated mice. In addition, we also compared apoptosis in epithelia of the accessory sex organs of adult c-fos knockout mice with apoptosis in young normal mice because the body weights of adult c-fos knockout mice were much lighter than those of adult normal mice, suggesting the retarded development of adult c-fos-knockout mice and because our previous studies [13, 14] showed that the extents of apoptosis in the accessory sex organs of young mice after castration were much less than those of adult mice, indicating that the extents of apoptosis in the accessory sex organs differ depending on the developmental stages of mice.
Materials and Methods
Mice C57BL/6-c-fos -/-mice, and C57BL/6-c-fos +/+ and -c-fos +/-mice were bred from heterozygous mice that were obtained from Dr. E. F. Wagner [15] . C-fos -/-and c-fos +/-mice were discriminated from c-fos +/+ mice 10 days after birth by polymerase chain reaction (PCR) as described below, and c-fos -/-mice were discriminated from c-fos +/-mice at 20 days after birth by lack of teeth of c-fos -/-mice. Mice were kept at 25°C under controlled light conditions (12 h light/12 h darkness), and allowed free access to water and a diet. After weaning, c-fos +/+ mice were fed with a pellet diet and c-fos -/-mice with a powdered diet. All experiments with mice were approved by the Animal Care Committee of Hyogo College of Medicine, and the mice were given the most humane care.
PCR
A tip (1 cm long) of a mouse tail was cut and dissolved in 500 ml of the proteinase K buffer, pH 8.5, containing 100 mM Tris-HCl, 5 mM EDTA, 200 mM NaCl, 0.2% SDS and 1% proteinase K, at 56°C for 8 h. DNA was precipitated by 500 ml of isopropyl alcohol, followed by two washes by 70% ethanol and one wash by absolute ethanol. After drying, DNA was dissolved in 10 mM Tris-HCl, pH 7.5, containing 0.5 mM EDTA. PCR was carried out using primers (antisense; 5'-TTCGGCTATGACTGGGCACAACAG-3', sense; 5'-GATGCTCTTCGTCCAGATCATCCT-3') and EX-Taq reverse transcriptase (Takara; Kyoto, Japan). The PCR conditions were 94°C for 30 sec, 60°C for 30 sec and 72°C for 1 min for 30 cycles. The amplified fragments were detected by ethidium staining in 1.5% agarose gel. Amplified DNA of c-fos -/-and +/-mice showed a band of 430 bp but that of c-fos +/+ mice showed no band [15] .
Injection of testosterone propionate (TP) or estradiol17b (E 2 )
TP and E 2 were suspended at concentrations of 200 mg and 1 mg/0.1 ml of vehicle (0.9% NaCl, 0.4% Tween 80, 0.5% carboxymethyl cellulose and 0.9% benzyl alcohol), respectively, and injected subcutaneously into the interscapular space of a mouse.
Treatment of mice
Male or female mice at 30 and 50 days of age were castrated under anesthesia by an intramuscular injection of 0.01 mg xylazine and 0.05 mg ketamine hydrochloride/g body weight and used for experiments at 35 and 55 days of age, respectively. TP (10 mg/g body weight) and E 2 (0.05 mg/g body weight) were injected into castrated male and female mice, respectively, at 5 p.m. for 5 days. These mice were killed at 9 a.m. on day 1 (the day following the last injection), and on days 2, 4, 6 and 8, and the uteri of female mice and the ventral prostates, seminal vesicles, coagulating glands and epididymides of male mice were promptly removed and fixed in phosphate (0.15 M) buffered 10% formalin (pH 7.4). As for the epididymis, the head, body and tail were separated and fixed.
Apoptotic index
Sections of the prostate and the head and tail of the epididymis, and transverse sections of a mid-portion of the uterus, the seminal vesicle, coagulating gland and the body of the epididymis were made and stained with hematoxylin and eosin. About 1000 epithelial cells in these sections were examined, and a percentage of apoptotic cells was defined as an apoptotic index. Apoptotic cells were identified by well-established criteria [16, 17] . Cells with the following characteristics were regarded as apoptotic cells: a shrunken cell with fragments of condensed nuclei and eosinophilic-condensed cytoplasm, and a cell with cytoplasmic fragments containing condensed chromatin (apoptotic bodies).
Statistical analysis
Data are presented as a mean ± SE. Data of 3 and more than 3 groups were analyzed with the Bonferroni multiple comparison test. A P value less than 0.05 was considered significant.
Results
Body weight and weights of the male accessory sex organs and the uterus Normal 30-and 50-day-old and c-fos -/-50-day-old male and female mice were castrated, and injected with TP (10 mg/g body weight) and E 2 (0.05 mg/g body weight), respectively, for 5 days. These mice were killed on day 1 (the day following the last injection) and days 2, 4, 6 and 8. Table 1 shows the body weight and weights of the ventral prostate (VP), coagulating glands (Cs), seminal vesicles (SVs), epididymides (Eps) and uterus on days 1. The body weights of 50-day-castrated normal mice on day 1 were heavier than those of 30-day-castrated normal mice, and the body weights of 50-day-castrated c-fos -/-mice was the lightest. TP injections increased the weights of the VP, C, SV and Ep on day 1 more in 50-day-castrated normal mice than in 30-day-castrated normal mice and 50-day-castrated c-fos -/-mice, although differences in the weight of VP or EP were not significant. There were no significant differences in these weights between 30-day-castrated normal mice and 50-daycastrated c-fos -/-mice. The uterine weights on day 1 in 50-and 30-day-castrated normal mice were similar, and significantly heavier than the uterine weights on day 1 in 50-day-castrated c-fos -/-mice. These results of body weights and weights of the male accessory sex organs and the uterus after the TP or E 2 stimulation suggested that the development of 50-day-castrated c-fos -/-mice was retarded and corresponded to that of 30-day-castrated normal mice at the most.
Apoptosis in epithelia of the male accessory sex organs and the uterus
The cessation of the TP injection increased apoptotic indices of epithelia in the VP, C, SV, and Ep of 30-and 50-day-castrated normal mice and 50-day-castrated c-fos -/-mice ( Figs. 1 and 2) . The extents of apoptosis in these organs in 50-day-castrated c-fos -/-mice were comparable to those in 30-day-castrated normal mice (Fig. 1) . The extents of apoptosis in the SV and Ep in 50-day-castrated normal mice were similar to those in 30-day-castrated normal and 50-day-castrated c-fos -/-mice, but the extents of apoptosis in the VP and C in the former mice were greater than those in the latter two groups of mice.
There were no significant differences in the extent of apoptosis in the uterine luminal epithelium after the cessation of the E 2 injection among 30-and 50-daycastrated normal mice and 50-day-castrated c-fos -/-mice (Fig. 3) .
Discussion
The extents of apoptosis in epithelia of the SV, EP and uterus after the cessation of the TP or E 2 stimulation in 30-day-castrated normal mice were comparable to those in 50-day-castrated mice, but the extents of apoptosis in epithelia of the VP and C in the former mice were less than those in the latter mice. Our previous studies [13, 14] showed that castration of prepubertal mice induced the lesser extents of apoptosis in the male accessory sex organs such as SV and Ep Castrated male and female mice were given 5 daily injections of TP and E 2 , respectively. Body weight of mice and weights of the male accessory sex organs and the uterus on day 1 (the day following the last injection) were measured. Number in parentheses indicates number of mice. compared to that of adult mice. These results seem to be ascribable to the less stimulation of the accessory sex organs due to lower androgen production by the testis of prepubertal mice, the lower proportions of epithelial cells in these organs, of which survival is dependent on androgen, or both of them. In this study, TP was used at a dose which induces the maximal DNA synthesis of the accessory sex organs in adult castrated male mice [5] . Therefore, it is likely that the proportions of epithelial cells showing androgen-dependent survival in the VP and C after TP stimulation were less in 30-day-castrated normal mice than in 50-day-castrated normal mice. The extents of apoptosis in the SV, Ep and uterus in 50-day-castrated Fos-deficient mice were comparable to those in 30-and 50-day-castrated normal mice. Fig. 1 . Apoptotic indices of epithelia of the male accessory sex organs. Normal (+/+) 30-or 50-day-old male mice and c-fos -/-50-day-old male mice were castrated, and daily injected with TP (10 mg/g body weight) for 5 days. These mice were killed on day 1 (the day following the last injection) and on days 2, 4, 6 and 8, and apoptotic indices of epithelia of the ventral prostate (VP), coagulating gland (C), seminal vesicle (SV), and the head, body and tail of the epididymis (Ep) were determined. * P<0.05, Significant difference from the values of both the 30-day-castrated normal (+/+) and 50-day-castrated c-fos -/-mice.
These results indicate that Fos does not play an important role in apoptosis of epithelia in these organs. On the other hand, the extents of apoptosis in the VP and C in 50-day-castrated Fos-deficient mice were comparable to those in 30-day-castrated normal mice, but less than the extents of apoptosis in the VP and C in 50-day-castrated normal mice. The body weights of 50-day-castrated Fos-deficient mice were less than those of 30-and 50-day-castrated normal mice, and their weights of the VP and C after TP stimulation were also less than those of 50-day-castrated normal mice but comparable to the weights of the VP and C of 30-day-castrated normal mice, suggesting that the development of 50-day-castrated Fos-deficient mice was retarded and corresponded to that of 30-day-castrated normal mice at the most. Therefore, the lesser extents of apoptosis in the VP and C in 50-day-castrated Fosdeficient mice seem to be ascribable to the retarded development of these mice, but not to a role of Fos in apoptosis of these organs. The cessation of TP stimulation resulted in apoptosis in the VP in 50-day-castrated Fos-deficient mice although the extent of apoptosis was less than that in 50-day-castrated normal mice. In contrast, Feng et al. [11] reported that castration of adult Fos-deficient mice did not induce apoptosis in the VP, whereas that of adult normal mice did. In the present study, castrated mice were administered with TP at a dose which stimulates the accessory sex organs maximally [5] . Therefore, no apoptosis in the report of Feng et al. [11] seems to be partly ascribable to less apoptosis as a result of less stimulation of the VP by androgens secreted by the testis compared to TP injections in this study. Furthermore, the testis of Fos-deficient adult mice showing retarded development as supposed from their body weight and weights of accessory sex organs after TP stimulation, may secrete less androgens than the testis of normal adult mice, resulting in even less apoptosis in the VP.
The uterine weights after the E 2 stimulation were significantly lighter in 50-day-castrated Fos-deficient mice than in 30-and 50-day-castrated normal mice. It has been reported that E 2 stimulation induces an increase in Fos expression in the epithelial cells of mature rats and in the epithelial, stromal and myometrial cells in immature rats, suggesting a role of Fos in proliferation of these cells [18] [19] [20] . Furthermore, Yamashita et al. [20] have shown that E 2 stimulation induces an increase in Fos expression in the vascular endothelium, suggesting a role of Fos in E 2 -induced uterine imbibition. Therefore, the lighter uterine weights after the E 2 stimulation in 50-day-castrated Fos-deficient mice may support roles of Fos in uterine proliferation and imbibition.
In conclusion, the present study shows that the extents of apoptosis in the SV, EP and uterus in Fosdeficient adult castrated mice after cessation of stimulation by steroid hormones were comparable to those in normal adult castrated mice, but that those in the VP Normal (+/+) 30-or 50-day-old female mice and c-fos -/-50-day-old female were castrated, and daily injected with E 2 (0.05 mg/g body weight) for 5 days. These mice were killed on day 1 (the day following the last injection) and on days 2, 4, 6 and 8, and an apoptotic index of the luminal epithelium was determined.
and C was less in Fos-deficient castrated adult mice than in normal castrated adult mice. The lesser extents of apoptosis in the VP and C may be ascribable to the retarded development of Fos-deficient adult mice but not to a role of Fos in apoptosis in these organs.
